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A shroud assembly for a gas turbine engine has an annular turbine support case and a plurality of shroud segments supported on
the Inner, radial side of the turbine support case. The shroud segments are located end-to-end to form an annular shroud within
the turbine support case. Seal recelving means are provided In each of the adjacent ends of adjacent shroud segments, and
feather seals are provided for insertion Iin the seal receliving means for sealing gaps between the adjacent ends of adjacent shroud
segments. Cooperating rotation prevention means are provided on the sealing means and on the turbine support case, on Its
downstream side, prevent rotation of the shroud segments relative to the turbine support case.
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(57) Abstract

A shroud assembly for a gas turbine engine has an annular turbine support case and a plurality of shroud segments supported on the
inner, radial side of the turbine support case. The shroud segments are located end-to—end to form an annular shroud within the turbine
support case. Seal receiving means are provided in each of the adjacent ends of adjacent shroud segments, and feather seals are provided
for insertion in the seal receiving means for sealing gaps between the adjacent ends of adjacent shroud segments. Cooperating rotation
prevention means are provided on the sealing means and on the turbine support case, on its downstream side, prevent rotation of the shroud
segments relative to the turbine support case.
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This invention 1is directed toward an
improved assembly for use in a gas turbine engine. The
invention 1s more particularly directed toward an
improved seal assemb]:y in the shroud arrangement in a
gas turbine engine. The invention is also directed

toward an improved seal for use 1in the assembly.
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2. Description of the
The tips of the blades in a rotor in a gas
turbine engine are surrounded by an annular shroud.
The shroud is usually made 1in segments of an annulus
which are ©placed in end-to-end relationship to
circumscribe the rotor. The segments are supported
from an outer, annular, turbine support case. The
shroud segments have slight gaps between them to allow
for expansion during operation. Cooling air 1is
introduced into an annular space formed between the
turbine support case and the shroud segments to cool
the shroud segments. The cooling air can, however,
leak radially inwardly from the annular space between
the expansion gaps and can also leak axially downstream
between the expansion gaps and from between the
downstream connection between the shroud segments and
the turbine support case. It is normal to provide
seals between the shroud segments and turbine support
case that minimize leakage of the cooling air both
radially and axially.
IMMAK o vl VAT 0\

It is the purpose of the present invention
to provide a relatively simple and 1inexpensive seal
assembly which provides both sealing of the shroud
segments in both the radial and axial directions and
which at the same time prevents rotation of the shroud

segments relative to the turbine support case.

PCT/CA98/01114
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The seal assembly includes a seal strip that
has an L-shape with the long leg of the seal strip_
adapted to be mounted axially in slots in adjacent ends
of adjacent shroud segments to provide sealing in the
radial direction and with the short lég of the strip
simultaneously extending radially - adjacent the
downstream side of the shroud segments providing
sealing in the axial direction from the gap. At the
same time, stop means, provided on the short leg,
extend into a radial notch formed in the casing
opposite the gaps. The stop means, within the notch,
prevents the shroud segments from rotating relative to
the casing. Preferably the stop means comprise an
extension of the short leg.

The invention is particularly directed
toward an assembly for improving the operation of a gas
turbine engine having an annular turbine support case
and a plurality of shroud segments supported radially
inwardly of the support case. The shroud segments are
located end-to-end to form an annular shroud within the
support case. Seal receiving means are provided 1in
each of the adjacent ends of adjacent shroud segments.
A seal is provided for insertion in the seal receiving
means for sealing the gaps between the adjacent ends of
adjacent shroud segments in both a radial direction and
an axial direction. Cooperating rotation prevention
means are also provided on the seal and the support
case on its downstream side for preventing rotation of
the shroud segments relative to the support case.

The invention is further directed toward a
seal for use in an assembly in a gas turbine engine
having an annular turbine support case and a plurality
of shroud segments supported within the support case.
The shroud segments are located end-to-end to form an
annular shroud within the support case. The seal
comprises an L-shaped strip having a 1long leg for

insertion in a slot receiving means in adjacent ends of



CA 02312979 2000-06-05

WO 99/30009 PCT/CA98/01114

10

15

20

25

30

35

adjacent shroud segments to seal the gap between the
ends of the segments in a radial direction and a short
leg, extending transverse to the long leg, for sealing
the gap between the ends in an axial direction. The
seal also has rotation preventing means on 1its short
leg adapted to cooperate with means on the support case
for preventing circumferential movement of the shroud
segments when the seal is mounted on the shroud
segments.
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Having thus generally described the nature
of the invention, reference will now be made to the
accompanying drawings, showing by way of illustration,
a preferred embodiment thereof, and in which:

Fig. 1 is a fragmentary, axial cross-section
of the turbine section with the improved seal assembly;

Fig. 2 is a fragmentary, axial elevation,
partly in cross-section, of the seal assembly 1in the
shroud;

Fig. 3 is a perspective view of the seal
element;

Fig. 4 is an enlarged axial elevation of a
detail of the present invention but with the seal
element removed;

Fig. 5 is an enlarged axial view similar to
Fig. 2;

Fig. 6 is a detail view of the downstream
end of the seal assembly showing a variation in the
assembly; and

Fig. 7 is a detail view of the downstream
end of the seal assembly showing another variation 1n
the assembly.
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The gas turbine engine 1, as shown in Figs.
1 and 2, has a rotor 3 carrying radially extending
rotor blades 5 on its outer rim 7. The rotor 3 1is

located between adjacent stators 9 and ll. An annular

O T T T B N L [F <+ L R . EERE : . . S e ahienrar e e R el s e R P b e <, el b A L Sl s DT A TR s Rt s ' ' : . LICTEE N e e e e tala CnIDnTg 18 0KECTEMY Bl ARV Y A 1A e e e e 0



CA 02312979 2000-06-05

WO 99/30009 PCT/CA98/01114

shroud 13 surrounds the rotor 3, its inner radial

surface 15 located closely adjacent to the tips 17 of
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the rotor blades 5.

The annular shroud 13 is made up of shroud
segments 19 that are located end-to-end to form an
annulus. The shroud segments 19 are mounted within a
support case 21 that gurrounds the rotor 3.
Cooperating mounting means are provided on Dboth the
shroud segments 19 and the support case 21 for mounting
the shroud segments 19 within the case 21.

These mounting means, on the case 21, can
comprise an annular upstream slot 23 and an annular
downstream slot 24, axially spaced from the upstream
slot 23, forming ribs 25, 26 on the inner face 27 of

the case 21. Both axial slots 23, 24 open up 1in the

downstream direction. The cooperating mounting means

on each shroud segment 19 can comprise flanges 29, 3l
projecting upstream from the upstream faces 33, 35 of
spaced-apart raised ribs 37, 39 on the outer surface 41
of the shroud segment 19. The flanges 29, 31 on the
shroud segments 19 fit within the slots 23, 24 on the
case 21 to mount the shroud segments 19.

An annular chamber 45 is formed between the
shroud segments 19 and the turbine support case 21,
between the ribs 37, 39 on the shroud segments 19 1into
which cooling air, as shown by the arrows A, can be
directed from a cooling channel 47 formed outside the
case 21. The cooling air passes from the cooling
channel 47 to the annular cooling chamber 45 through
radial openings 49 formed in the case 2l.

The cooling air cools the shroud segments 19
from the hot gases passing through the hot gas path
shown by the arrows B. This cooling air can, however,
lJeak from the annular chamber 45 in both a radial,
inward direction and an axial, downstream direction, as
shown by the arrows C, through gaps 53 formed between
the shroud segments 19. These gaps 53 are provided to
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accommodate expansion of the shroud segments 19 during
operation of the turbine.

To minimize the 1leakage, it 1s known tO
provide seals in the shroud assembly to seal the gaps

5 53 between the shroud segménts 19. In the present
invention, a seal 55 is provided made from a strip of
suitable sheet material that is bent i1n an L-shape, as
shown in Fig. 3, to provide a long leg 57 and a short
leg 59 at one end of the long leg 57 and extending at

10 right angles to the long leg. The shroud elements 19
are each provided with a slot 63 at each end 65 of the
element, as shown in Fig. 4. The slot 63 at each end
extends inwardly in an axial direction from the
downstream side 67 of the segment. The slot 63 also

15 extends inwardly from the end 65 in a circumferential
direction. The slot 63 is slightly longer in the axial
direction from the side 67 than the length of the long
leg 57 of the seal 55 and has a width slightly more
than half the width of the 1long 1leg 57 in the

20 circumferential direction from the end 65.

The seal is mounted by inserting 1its long
leg 57 into adjacent slots 63A, 63B in adjacent ends
654, 65B of adjacent shroud segments 19A, 19B, as shown
in Fig. 5. The long leg 57 seals the gap 53 between

25 the shroud segments 19A, 19B in the radial, inward
direction and the short leg 59, against the downstream
sides 67A, 67B of the shroud segments 19A, 19B, seals
the gap 53 in the axial, downstream direction.

In accordance with the present invention,

30 the seal 55 and the turbine support case 21 are
provided with cooperating rotation preventing means for
preventing the shroud segments 19 from moving
circumferentially relative to the case 21. The
rotation preventing means on the seal 55 can comprise

35 an extension 71 of the short leg 59 of the seal 55 so
that the short 1leg is slightly longer than the
thickness of the shroud segments 19. The cooperating
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rotation preventing means on the case 21 can comprise a
notch 73, radially aligned with the adjacent slots and
extending radially outwardly, a short distance from the
inner face 75 of the turbine support case 21 and
axially wupstream and radially inward from the
downstream face 77 of the support member 21 just past
the downstream face 89 of the shroud segments 19, as

shown in Fig. 1.
When the seal 55 is mounted in the slots

relative to the turbine support case 21.

Preferably, the seal 55 has an outer spring
leg section 81 formed integrally with the short leg 59
and its integral extension 71, the outer leg section 81
located close to the short leg 59, parallel to it, but
not as long (Fig. 5). The short leg 59, the extension
71, and the outer spring leg 8l are all formed
integrally, in series, from a single piece of material.
A split ring retainer 85 is mounted adjacent the outer
leg 81 in a groove 87 in the inside surface 27 of the
turbine support case 21 to retain the seal 55 in place.
The ring 85 biases the outer leg 81 axially 1in an
upstream direction to press the short leg 59 tight
against the downstream face 85 of the shroud segments

19.
The seal 55 can be formed without the outer

spring leg section 8l. Instead, biasing means to bias
the short leg 59 of the seal 55 against the shroud
segfnents 19 can be provided by a modified split ring
85A. As shown in Fig. 6, the split ring 85A can be
provided with a shoulder 91 extending axially upstream,
the shoulder 91 dimensioned to bear tightly against the
short leg 59, pushing it tight against the shroud

segments 19 to close the gap 53 in the axial direction
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when the ring 85A is mounted in the groove 87 1in the
case 21.
Alternatively, without the outer spring leg
section, the biasing means can comprise, as shown 1n
5 Fig. 7, a split ring 85B having an inner face 93 which
pushes tightly against the short leg 59 to seal the
gap. The outer radial portion 95 of the inner face 93
tapers away from the short leg 59.
While one form of cooperating non-rotating
10 wmeans has been shown, other forms of non-rotating means
can be used. For example, the short 1leg could be
provided with an outwardly projecting tab, much
narrower than the short 1leg, which fits 1n a narrow

notch formed in the turbine support case.
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CLAIMS:

1. An assembly for improving the operation of a
gas turbine engine (1) having an annular turbine

support case (21) and a plurality of shroud segments
(19) supported on the 1inner, radial side of the
support case (21), the shroud segments (19) located
end-to-end to form an annular shroud (13) within the
support case (21); seal receiving means (63) 1in each
of the adjacent ends (65) of adjacent shroud segments

(19); characterized 1n that a seal (55) 1s provided

for 1insertion 1in the seal receiving means (63) for
sealing the gaps (53) between the adjacent ends (65)
of adjacent shroud segments (19) 1in Dboth an inner,
radial direction and a downstream, axial direction;
and cooperating rotation prevention means (71, 73) on
the seal (55) and the support case (21), on 1its
downstream side, for preventing rotation of the shroud

segments (19) relative to the support case (21).

2. An assembly as claimed in claim 1, wherein
the seal (55) comprises an L-shaped sealing strip
having: a long leg (57) for 1insertion 1in adjacent
slots (63A, 63B) 1n adjacent ends (65A, 65B) of
adjacent shroud segments (19A, 19B) to seal the gap
(53) Dbetween the segments (19A, 19B) 1n the inner
radial direction; and a short leg (59) transverse toO
the long 1leg (57) for positioning adjacent the
downstream side (67) of the shroud segments (1927, 19B)
adjacent the gap (53) to seal the gap (53) between the

segments (19A, 19B) 1in the downstream, axial
direction.
3. An assembly as claimed in claim 2, wherein

the cooperating rotation prevention means comprises an
extension (71) on a free end of the short leg (59) of

the sealing strip (55) extending radially outwardly
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past the shroud segments (19) when the sealing strip
(55) i1s mounted in the slots (63) in the ends (65) of
the shroud segments (19); and a radially outwardly
directed notch (73) in the inner side of the shroud

support case (21) for receiving the extension (71).

4. An assembly as claimed in claim 2 or 3,
wherein the short leg (59) of the sealing strip (55)
has a spring leg (81l) extending therefrom and located
adjacent thereto; and a retaining ring (85) mounted in
the 1inner side of the shroud support case (21) and
adjacent the spring leg (8l) for biasing the spring
leg (81), and thus the short leg (59), against the
downstream side (67) of the shroud segments (19) to
better seal the gap (53).

5. An assembly as claimed in claim 2 or 3,
including a retaining ring (85A) mounted in the inner
side of the support case (21) and located adijacent the
downstream side (67) of the short leg (59) of the
sealing strip (55), the retaining ring (85A) having a
shoulder (91) to bear against the short leg (59) to
hold the short leg (59) tight against the downstream
side (67) of the shroud segments.

6 . An assembly as claimed in claim 2 or 3,

1ncluding a retaining ring (85B) mounted in the inner

side of the support case (21), the inner upstream face
of the retaining ring (85B) located against the
downstream side (67) of the short leg (59) of the
sealing strip (55), the outer radial portion (95) of

the inner face (93) tapering away from the short leg

(59) 1in the radial outward direction.

7. A sealing member (55) for sealing gaps (53)
in shroud elements (19) supported by a support case
(21) in a gas turbine engine (1), characterized in
that the member (55) 1s made from a strip of sheet

material bent to form a long leg (57), and a short leg
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(59) extending transversely from one end of the 1long
leg (57), the short leg (59) including an extension

(71) arranged to engage the support case (21) to
prevent rotation of the shroud elements (19).

5 8 . A sealing member (55) as claimed in claim 7,

wherein the extension (71) projects outwardly from the
short leg (59).

9. A sealing member (55) as claimed in claim 7,
whereilin an extension (71) extends in the same

10 direction as the short leg (59).

10. A sealing member as claimed in claim 7, 8 or
9, including a spring leg (81l) bent back from the free
end of the short leg (59) to overlie the short leg
(59) and to be spaced from the short leg (59).
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